Introduction An increasing number of US states and localities have implemented comprehensive policies prohibiting tobacco smoking in all indoor areas of public places and worksites. However, private settings such as homes and vehicles remain a major source of exposure to secondhand smoke (SHS) for many people. This study assessed the prevalence and correlates of voluntary smoke-free rules and SHS exposure in homes and vehicles among US adults.
Introduction
Secondhand smoke (SHS) is a mixture of the smoke produced by the burning end of a tobacco product and the smoke exhaled by smokers (1). Exposure to SHS causes heart disease and lung cancer in adult nonsmokers, and it causes sudden infant death syndrome, acute respiratory infections, ear problems, and more severe asthma in children (1). Each year, SHS exposure causes an estimated 3,400 deaths due to lung cancer and more than 46,000 deaths due to heart disease among US adult nonsmokers (2). The Surgeon General concluded that no risk-free level of SHS exists and that eliminating smoking in indoor spaces is the only effective way to fully protect nonsmokers from the adverse effects of SHS exposure (1,3).
In the United States, considerable progress has been made toward increasing the number of statewide comprehensive smoke-free policies that prohibit tobacco smoking in all indoor areas of public places and worksites, including restaurants and bars. As of December 2012, 26 US states and the District of Columbia have enacted comprehensive smoke-free policies (4). Such policies reduce SHS exposure and the incidence of certain adverse health events among nonsmoking hospitality workers and members of the general public (1,5,6). However, comprehensive smoke-free policies do not eliminate SHS exposure from all sources. Private settings, such as homes and vehicles, remain a major source of SHS exposure for many people (1). Nearly all nonsmokers who live with someone who smokes inside their home are exposed to SHS (7).
The percentage of US households that have voluntary smoke-free home rules increased from 43.1% in 1992-1993 to 79.1% in 2006-2007 (8) , and SHS exposure in the home declined from 20.9% in 1988-1994 to 10.2% in 1999-2004 (9) . However, the extent of SHS exposure and the extent to which smoke-free rules were adopted by US adults in recent years is not known, particularly at the state level (10, 11) . The prevalence of smoke-free rules and SHS exposure in vehicles has been assessed among some subpopulations, but no studies have examined these indicators among US adults (12, 13) . To reduce this gap in knowledge, we analyzed data from the 2009-2010 National Adult Tobacco Survey (NATS) to determine national and state estimates of the prevalence and sociodemographic correlates of voluntary smoke-free rules and SHS exposure in homes and vehicles among US adults.
Methods

Sample
The 2009-2010 NATS was a stratified, national telephone survey of noninstitutionalized adults aged 18 years or older and residing in 1 of the 50 US states or the District of Columbia. Methods for NATS are detailed elsewhere (14) . In brief, the sample was designed to yield representative national and state data. Each state was divided into strata by telephone type. For the landline component, each state was allocated an equal target sample size (n = 1,863) to ensure adequate precision for state estimates. For the cellular-telephone component, each state was allocated a sample size in proportion to its population (range, 255-24,100) . Louisiana, New Jersey, and Oklahoma added to their landline and cellulartelephone target sample size; Delaware, Georgia, Iowa, North Dakota, Pennsylvania, South Carolina, and Virginia added to their landline target sample size.
Respondent selection varied by telephone type. For landline numbers, 1 adult was randomly selected from each eligible household. For cellular-telephone numbers, the adult reached was selected if the cellular telephone was the only way the adult could be reached by telephone at home. In total, 118,581 interviews were completed (110,634 landline interviews; 7,947 cellular-telephone interviews) from October 2009 through February 2010. The Council of American Survey and Research Organizations (CASRO) response rate (15) , defined as the number of completed interviews divided by the number of eligible respondents in the sample, was 37.6% (landline, 40.4%; cellular, 24.9%). The national cooperation rate, defined by CASRO as the number of completed interviews divided by the number of eligible respondents who were successfully reached by an interviewer, was 62.3% (landline, 61.9%; cellular, 68.7%). State CASRO response rates ranged from 28.2% in New Jersey to 49.3% in Vermont (median, 37.9%); state cooperation rates ranged from 52.9% in Louisiana to 72.4% in Vermont (median, 62.9%).
Measures
The presence of smoke-free home rules was determined by answers to the question, "Not counting decks, porches, or garages, inside your home, is smoking 'always allowed,' 'allowed only at some time or in some places,' or 'never allowed'?" Respondents who answered "never allowed" were classified as having a smoke-free home rule. Having a smoke-free vehicle rule was determined by answers to the question, "Not counting motorcycles, in the vehicles that you or family members who live with you own or lease, is smoking 'always allowed in all vehicles,' 'sometimes allowed in at least one vehicle,' or 'never allowed in any vehicle'?" Respondents who answered "never allowed in any vehicle" were classified as having a household smoke-free vehicle rule.
Exposure to SHS in the home was determined by answers to the question, "Not counting decks, porches, or garages, during the past 7 days, on how many days did someone other than you smoke tobacco inside your home while you were at home?" Open response options ranged from 0 to 7. Respondents who answered from 1 through 7 were classified as exposed to SHS in their home within the previous 7 days. Exposure to SHS in a vehicle was determined by answers to the question, "During the past 7 days, on how many days did you ride in a vehicle where someone other than you was smoking tobacco?" Open response options ranged from 0 through 7. Respondents who answered from 1 through 7 were classified as exposed to SHS in a vehicle within the previous 7 days.
Smoking status was determined by answers to the questions, "Have you smoked at least 100 cigarettes in your entire life?" and "Do you now smoke cigarettes every day, some days, or not at all?" Respondents who reported smoking at least 100 cigarettes in their lifetime and who indicated they now smoke "every day" or "some days" were classified as current smokers. Respondents who reported not smoking 100 cigarettes in their lifetime or who reported smoking at least 100 cigarettes in their lifetime but now smoke cigarettes "not at all" were classified as nonsmokers. Sample size constraints prevented our analyzing former and never-smokers separately.
We examined the following characteristics: sex, age (18-24, 25-44, 45-64, or ≥65 years) 
Data analysis
We analyzed data by using SAS-callable SUDAAN version 9.2 (RTI International, Research Triangle Park, North Carolina). The landline data were first weighted by the inverse of the probability of selection of the telephone number, a nonresponse adjustment, and adjustments for number of landlines and number of eligible subjects in a household. The cellular-telephone data were first weighted by the inverse of the probability of selection of the telephone number and a nonresponse adjustment. Next, the data were poststratified by state according to the distribution of demographic variables (sex, age, race/ethnicity, marital status, and educational attainment) and telephone type. For states with a small number of cellular-telephone respondents, the use of both landline and cellular-telephone data resulted in a large unequal weighting effect and, therefore, large estimated variances of survey estimates and small effective sample sizes. As a result, we calculated national and state estimates differently. For national estimates, we included both cellulartelephone and landline respondents. For state estimates, we included cellular-telephone respondents only for the 12 states that had a cellular-telephone sample of 200 or more (California, Florida, Georgia, Illinois, Louisiana, New Jersey, New York, North Carolina, Ohio, Oklahoma, Pennsylvania, and Texas). Differences between estimates were considered statistically significant if 95% confidence intervals did not overlap.
Results
The overall percentage of respondents with a smoke-free home rule was 81.1%; the prevalence was significantly higher among nonsmokers (89.1%) than among smokers (48.0%) ( Table 1 ). The overall prevalence of smoke-free home rules was significantly higher among women (82.6%) than among men (79.5%); however, among smokers, men were significantly more likely to have such rules. By age, overall prevalence of a smoke-free home rule was highest among those aged 25 to 44 (83.2%) and 65 years old or older (83.2%); among smokers, prevalence of a rule decreased with increasing age. By race/ethnicity, prevalence of a smoke-free home rule was highest among non-Hispanic Asians (90.6%) and Hispanics (87.7%) and lowest among non-Hispanic blacks (73.8%). By education, prevalence was lowest among adults with a GED (63.6%) ( Table 1) . By state, prevalence ranged from 67.9% in Kentucky to 92.9% in Utah ( Table 2 ).
The overall percentage of respondents with a household smoke-free vehicle rule was 73.6%; prevalence was significantly higher among nonsmokers (84.9%) than among smokers (27.0%) ( Table 1) . Overall prevalence was significantly higher among women (76.2%) than among men (70.9%); among smokers, we observed no significant differences in prevalence by sex. Overall prevalence of a smoke-free vehicle rule increased with increasing age and levels of education; people with a GED had the lowest prevalence (49.1%). By race/ethnicity, smoke-free vehicle rule prevalence was highest among non-Hispanic Asians (90.0%) and lowest among non-Hispanic adults of other races (65.7%) ( Table 1) . By state, the prevalence of smoke-free vehicle rules ranged from 58.6% in Kentucky to 85.8% in Utah (Table 2) .
Of nonsmokers, 6.0% (which extrapolates to 10.9 million US adults) were exposed to SHS in their home in the previous 7 days (Table 3) ; 2.0% were exposed 1 or 2 days, 0.6% were exposed 3 or 4 days, 0.3% were exposed 5 or 6 days, and 3.1% were exposed every day. Exposure was significantly lower among those with a 100% smoke-free home rule (1.4%) than among those with no rule (44.0%). Overall exposure was significantly higher among men (6.6%) than among women (5.5%); among those with no home rule, we observed no significant difference by sex. By age, exposure was highest among those aged 18 to 24 (12.7%) and lowest among those aged 65 or older (3.8%). By race/ethnicity, exposure was highest among non-Hispanic blacks (11.4%) and lowest among non-Hispanic Asians (3.0%). Exposure decreased with increasing levels of education (Table 3) . By state, exposure ranged from 2.4% in Utah to 13.0% in West Virginia (Table 4) .
Of nonsmokers, 9.2% (which extrapolates to 16.7 million US adults) were exposed to SHS in a vehicle within the previous 7 days (Table 3) ; 5.9% were exposed 1 or 2 days, 1.5% were exposed 3 or 4 days, 0.5% were exposed 5 or 6 days, and 1.3% were exposed every day. Exposure was significantly lower among those with a household smoke-free vehicle rule (4.4%) than among those without such a rule (36.2%). Overall, exposure was significantly higher among men (10.7%) than among women (7.9%). By age, exposure was highest among those aged 18 to 24 (21.6%) and lowest among those aged 65 or older (4.0%). By race/ethnicity, exposure was highest among non-Hispanic blacks (13.6%) and lowest among non-Hispanic Asians (5.0%). Exposure decreased with increasing levels of education (Table 3) . By state, exposure ranged from 4.8% in Oregon to 13.7% in West Virginia (Table 4) .
Discussion
This study used national and state representative samples of US adults to assess the prevalence and sociodemographic correlates of voluntary smoke-free rules and SHS exposure in private settings during 2009-2010. The findings indicate that most adults are protected by voluntary smoke-free rules in their homes and household vehicles. However, 6% of adult nonsmokers (or an estimated 10.9 million US adults) reported they were exposed to SHS in their home within the previous 7 days, and 9.2% (or an estimated 16.7 million US adults) indicated that they were exposed to SHS in a vehicle during the same period. Moreover, we observed disparities in the prevalence of smoke-free rules and SHS exposure among states and subpopulations. The implications of these findings are twofold: 1) considerable progress has been made in protecting US adults from SHS exposure in homes and vehicles through the implementation of voluntary smoke-free rules; however, 2) enhanced and sustained efforts are needed to increase awareness of the dangers of SHS exposure and to encourage the adoption of voluntary smoke-free rules in private environments, particularly among those in the subpopulations at greatest risk for SHS exposure.
The national estimate of smoke-free home rules found by this study (81.1%) was higher than previously reported estimates from 1992-1993 (43.1%) and 2006-2007 (79.1%) (8) , and the estimate of home SHS exposure (6.0%) was lower than estimates from 1988-1994 (20.9%) and 1999-2004 (10.2%) (9) . These encouraging changes are consistent with previously reported trends (8-10) and are probably attributable to many factors, including the proliferation of comprehensive policies prohibiting smoking inside all public places and worksites, declines in smoking prevalence, and changes in public attitudes about the social acceptability of smoking near nonsmokers and children (1). For example, we observed a higher prevalence of smoke-free rules in states such as California and Utah, which have a long history of smoke-free laws and low rates of adult smoking (16, 17) . This finding is consistent with study findings that show smokefree policies in public settings stimulate the adoption of voluntary smoke-free rules in private settings (18), increase support for smoke-free environments (19), and are more strongly favored by nonsmokers than smokers (20).
Although estimates of voluntary smoke-free rules and SHS exposure found by this study are encouraging, disparities remain. The prevalence of smoke-free rules was generally higher among women than among men, older individuals, Hispanics and non-Hispanic Asians, and individuals with more education. These findings may be due to the lower rates of cigarette smoking among these groups, cultural factors related to the social disapproval of smoking, or differences in receptivity toward tobacco-related health messages and understanding of the health hazards associated with SHS exposure (17,21). To reduce these disparities, prevention efforts are needed to reach and educate all populations about the adverse health effects of SHS and to promote the voluntary adoption of smoke-free rules, particularly among subpopulations at greatest risk. For example, the US Environmental Protection Agency conducts a national campaign that educates and encourages the adoption of voluntary smoke-free rules (22). In addition, the US Public Health Service recommends that clinicians ask all patients and parents of pediatric patients whether they smoke, advise them about the dangers of SHS, and offer encouragement and help quitting (23).
The extent of SHS exposure in homes and vehicles was markedly lower among respondents protected by voluntary 100% smoke-free rules. This finding is consistent with environmental studies showing that smoke-free homes and vehicles have substantially lower levels of SHS constituents than do those in which smoking is permitted (24, 25) . In addition to reducing SHS exposure, research suggests that smoke-free homes can increase cessation among adult smokers and prevent relapse among former smokers (26).
An increasing number of state and local municipalities are enacting legislative policies to restrict smoking in homes and vehicles under certain conditions. For example, numerous communities in California have adopted ordinances prohibiting smoking in all living units and shared spaces of certain types of multiunit housing (27). At least 230 public housing authorities in the United States have also instituted 100% smoke-free policies in multiunit housing (28). In addition, Arkansas, California, Louisiana, Maine, and the US territory of Puerto Rico have instituted policies that prohibit smoking in vehicles occupied by children or adolescents younger than a specified age (29). However, given the greater population-level protection afforded by smoke-free policies in worksites and public places, smoke-free vehicle and multiunit housing policies are best suited for consideration following the implementation of comprehensive smokefree policies in all public places and worksites, including restaurants and bars.
Strengths of this study include the use of recent national and state representative data and the inclusion of cellulartelephone respondents. Nonetheless, the study has some limitations. First, to prevent large variances of survey estimates and small effective sample sizes, we excluded cellular-telephone respondents from state estimates for states that had fewer than 200 cellular-telephone respondents. However, we included cellular-telephone respondents in all national estimates and in state estimates for the 12 states that had a sufficient sample size. Second, the NATS sampling frame did not include institutionalized populations or military personnel; therefore, the findings are not generalizable to these subpopulations. Third, both the limited recall period and the use of a self-reported assessment of SHS exposure could have resulted in an underestimation of true SHS exposure (30). Fourth, the NATS questionnaire addressed only home exposure to SHS that originated from smokers within the same household; SHS exposure in partially enclosed areas (eg, decks, porches, garages) and SHS exposure from neighboring units in multiunit housing were not included. Finally, the overall CASRO response rate for NATS was 37.6%, and state response rates ranged from 28.2% to 49.3%. Low response rates increase the potential for bias; however, prevalence estimates of smoke-free rules and SHS exposure in our study were comparable with estimates found by other population-level surveys with higher response rates (8-11).
In conclusion, most US adults are protected by voluntary 100% smoke-free rules in their homes and household vehicles. Nonetheless, an estimated 10.9 million adult nonsmokers remain exposed to SHS in their homes, and 16.7 million remain exposed in vehicles. Disparities in the prevalence of smoke-free rules and SHS exposure also remain among certain states and subpopulations. Because the implementation of 100% smoke-free policies is the only effective way to fully eliminate SHS, efforts are needed to educate the public about the dangers of SHS exposure and to promote the voluntary adoption of smoke-free rules in private settings, particularly among subpopulations at greatest risk of exposure. In addition, jurisdictions with comprehensive policies prohibiting smoking in public places and worksites, including restaurants and bars, could extend protection from SHS to areas that are typically exempted from these policies, including multiunit housing and vehicles occupied by young people. Tables   Table 1. Percentage (95% CI) Abbreviations: CI, confidence interval; GED, graduate equivalency degree. All estimates were calculated among both landline and cellular-telephone respondents.
The presence of smoke-free home rules was determined by answers to the question, "Not counting decks, porches, or garages, inside your home, is smoking 'always allowed,' 'allowed only at some time or in some places,' or 'never allowed'?" Respondents who answered "never allowed" were classified as having a 100% smoke-free home rule.
The presence of a household smoke-free vehicle rule was determined by answers to the question, "Not counting motorcycles, in the vehicles that you or family members who live with you own or lease, is smoking 'always allowed in all vehicles,' 'sometimes allowed in at least one vehicle,' or 'never allowed in any vehicle'?" Respondents who answered "never allowed in any vehicle" were classified as having a 100% smoke-free vehicle rule. Includes 429 respondents whose smoking status was unknown. Includes 417 respondents whose smoking status was unknown. Abbreviation: CI, confidence interval. The presence of smoke-free home rules was determined by answers to the question, "Not counting decks, porches, or garages, inside your home, is smoking 'always allowed,' 'allowed only at some time or in some places,' or 'never allowed'?" Respondents who answered "never allowed" were classified as having a 100% smoke-free home rule.
The presence of a household smoke-free vehicle rule was determined by answers to the question, "Not counting motorcycles, in the vehicles that you or family members who live with you own or lease, is smoking 'always allowed in all vehicles,' 'sometimes allowed in at least one vehicle,' or 'never allowed in any vehicle'?" Respondents who answered "never allowed in any vehicle" were classified as having a 100% smoke-free vehicle rule.
Estimates calculated among both landline and cellular-telephone respondents. All other state estimates were calculated among landline respondents only. 
